Rare cells are present in human umbilical cord blood that do not express the hematopoietic marker CD45 and in culture do not produce cells of hematopoietic lineage. These umbilical cord multipotent stem cells (UC-MC) behave as multilineage progenitor cells (stem cells) and can be expanded in tissue culture. Exposure to basic fibroblast growth factor (bFGF) and human epidermal growth factor (hEGF) for a minimum of 7 days in culture induces expression of neural and glial markers. Western immunoblots demonstrate expression of both β-tubulin III and glial fibrillary acidic protein (GFAP). Immunocytochemistry of the cells showed intense labeling to both compounds on the intracellular cytoskeleton. The oligodendrocyte cell surface marker galactocerebroside (Gal-C) was present on most cells. Many cells show dual labeling, expressing both neuronal and glial markers.
INTRODUCTION
We looked for such multilineage progenitor cells in human umbilical cord blood (UCB), which, like bone marrow, is used for hematopoietic stem cell transplanta-Cell specificity occurs during embryogenesis. A single multipotent fertilized egg divides into daughter cells. tion. We have identified a rare multipotent cell in UCB that does not express the hematopoietic markers CD14, These embryonic stem cells maintain the ability to divide into multipotent daughter cells in vivo and in vitro CD34, and CD45, and can be cultured for many months. When placed in media containing the growth factors (16). Once a cell is committed to a particular tissue type, such as mesoderm or ectoderm, daughter cells would all EGF and FGF, the cells express the neuronal marker β-tubulin III and the glial marker GFAP. be of the same tissue type. Further cellular specification would occur following a set schedule. For example, cor-Experimental Protocol tical neurons were generated prior to birth from a specialized epithelium lining the ventricles, and at no other Umbilical cord blood (UCB) was collected during the third stage of labor from routine births at local hospitals time (11).
This neat, linear developmental scheme has been for the St. Louis Cord Blood Bank. The blood was processed within 36 h of collection and the mononuclear challenged by the discovery of multipotent cells derived from differentiated, mature bone marrow and brain (1,2, fraction was isolated using standard Ficoll-Hypaque techniques. The cells were grown in Dulbecco's modi-5,12,14,17). Such cells, which demonstrate self-renewal and multipotentiality, are commonly called stem cells.
fied Eagle medium-low glucose with the addition of 10% fetal bovine serum (Stem Cell Technologies, Van-Multipotent cells derived from bone marrow engrafted into the central nervous system (CNS) and expressed couver, British Colombia), 1% L-glutamine and 1% Pen-Strep (Gibco, Grand Island, NY) and were fed weekly. neuronal and glial markers in vivo (1, 8, 12) . If bone marrow is infused after experimental stroke, functional out-Cells were initially plated into tissue culture flasks (Corning, Corning, NY) at a density of 1 × 10 6 MNC/cm 2 and come is improved (9). These studies raise the possibility of using bone marrow-derived multipotent cells as a maintained in a CO 2 incubator at 37°C. The use of a low glucose media and an acidic environment aided in source of cell therapy to treat neurologic diseases. 262 BICKNESE ET AL.
eliminating both the hematopoietic progenitors and the
Cultures were analyzed for expression of glial fibrillary acidic protein (GFAP), a cytoskeletal protein found osteoclast-like cells reported to be found in mononuclear cord blood cultures (3) . only in astrocytes, and β-tubulin III, found only in neurons. Western blot analysis of growth factor-exposed Using appropriate media and growth factors, UC-MC cells can differentiate into multiple cell types including cultures shows expression of β-tubulin III and GFAP. In contrast, growth factor-negative cultures expressed nei-adipocytes and osteoclasts, but will not differentiate into hematopoietic cells using standard media (data not ther protein (Fig. 1C ). Immunocytochemistry analysis of the cultures showed intracellular expression of GFAP shown). To induce neural differentiation the cells were plated at 1000-2000 cells/cm 2 in the DMEM 10% FBS and β-tubulin III in most cells. Double labeling experiments show concomitant expression of both markers in (described above) with the additional of 20 ng/ml bFGF (Sigma, St. Louis, MO) and 20 ng/ml hEGF (Gibco, the same cell (Fig, 1D , E). Immunolabeling approached 100% of cells in the 7-day cultures. Cultures split every Grand Island, NY). The cells remained in growth factor media a minimum of 7 days before they were analyzed.
2 weeks to maintain low density continued to express neuronal and glial morphology and markers. In contrast, For the Western blots, cells were lysed in a protease cocktail prior to boiling in Laemmli buffer. Monoclonal cultures that were allowed to become confluent had diminished immunolabeling to neuronal and glial markers. antibodies to β-tubulin III (TuJ1, Covance, Richmond, CA) or GFAP (Advanced Immuno Chemical, Long Beach, Expression of galactocerebroside (Gal-C), a cell surface marker found on oligodendrocytes in culture, showed CA) were both used at a 1:1000 dilution. The isolates of immortalized neuronal progenitor cell line C17.2 (Gift immunolabeling to Gal-C on the cell surface in the growth factor-stimulated cells. However, Gal-C can be of Evan Y. Snyder) were used as a control.
For TuJ1/GFAP colabeling, cells were fixed for 1 found on other cell types beside oligodendrocytes, so expression is only supportive of an oligodendrocyte dif-min in −200°C methanol and rinsed three times for 3 min with cold PBS. For Gal-C and either TuJ1 or GFAP ferentiation. Double labeling experiments showed many of these Gal-C-positive cells also express β-tubulin III colabeling, cells were fixed for 3 min in 4% paraformaldehyde. The cells were blocked with 2% fish gel with or GFAP (Fig. 1F, G) . 1% goat serum in PBS for 1 h at room temperature. DISCUSSIONS Primary antibodies against TuJ1 at 1:500 solution (mouse These results demonstrate that UCB contains a small origin) and GFAP or Gal-C (rabbit origin: Roche, Indianumber of cells that can expand, self-replicate, and, unnapolis, IN) at 1:100 dilution were incubated overnight der appropriate conditions, differentiate into multiple at 40°C. The slides were rinsed three times with the cell types. On exposure to hEGF and bFGF, UC-MC blocking solution. Secondary antibodies were tagged cells display the phenotype of ectodermal lineage cells with either Oregon Green or Alexa Fluor 546 (Molecuof the central nervous system. These cells do not behave lar Probes, Eugene, OR), applied at a 1:300 dilution and as true neurons or glia, because they simultaneously exincubated at room temperature for 1 h, followed by three press markers of neuron and glia. Such behavior has also rinses with cold PBS. Controls for secondary antibody been seen in neuronal progenitor cells immortalized by specificity were negative (not shown).
gene insertion [(4); personal communication with E. Y.
RESULTS
Snyder] and in CNS stem cells (7) . The expression of the neuronal and glial markers is determined, in part, by The mononuclear fraction of UCB was plated in a the cell density in culture. low glucose media without hematopoietic growth fac-
The differentiated UC-MC displays an increasing tors. Most cells died in the first week in culture, but a number of intracellular inclusions and decreased viabilslow growing fraction adhered and multiplied. UC-MC ity, after prolonged culture time of greater than 6 months cells do not express hematopoietic markers such as or greater than 12 cell passages (data not shown). Other CD14, CD34, and CD45 by flow cytometry and do not cell types also show such effects after prolonged culture form colonies in short-term hematopoietic culture (5a). time (10,13). This apparent replicative senescence is Cultures can be expanded and survive for up to 10 currently under investigation. months in continuous culture. Low-density cultures of UC-MC have predominately a fibroblast or stellate-like CONCULSION morphology (Fig. 1A) . When plated at a low density in media supplemented by basic fibroblast growth factor It remains to be seen how the differentiated UC-MC will maintain their neural and glial characteristics if (bFGF) and human epidermal growth factor (hEGF) UC-MC cells develop prominent nuclear inclusion bod-transplanted in vivo, or if they will further differentiate. Human-derived multipotent cells capable of becoming ies and a more stellate or spindle-like morphology reminiscent of neuronal or glial cultures (Fig. 1B) .
neurons and glia show great hope as a vehicle for gene 
